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MOTOR  LUBRICATING  OILS 


This  Bureau  has  frequent  requests  for  information  regard- 
ing the  relative  merits  of  competitive  trademarked  products, 
as,  for  example,  motor  lubricating  oils.  It  is  the  policy  of 
the  Bureau  to  decline  to  supply  such  information  although  in 
so  doing  it  may  appear  to  be  withholding  from  the  public  in- 
formation to  which  the  latter  is  entitled. 

Without  mentioning  numerous  specific  reasons  that  could 
be  given  for  the  adoption  of  such  a pdicy,  it  may  be  stated 
that  experience  has  shown  that  the  Bureau  renders  a greater 
ultimate  service  by  adhering  to  such  policy  than  would  be  pos- 
sible if  comparative  results  of  tests  of  commercial  articles 
were  distributed  frequently  with  the  Bureau's  name  attached. 

In  practice,  the  above  policy  permits  the  Bureau  to  per- 
form a wide  variety  of  tests  and  studies,  as  a result  of  which 
it  becomes  possible  to  distribute  to  the  public  information  as 
to  the  desirable  characteristics  of  various  types  of  products, 
and  to  cooperate  with  manufacturers  in  improving  their  products 
and  processes. 

Existing  evidence  indicates  that  differences  in  the  ser- 
vice performance  of  well-refined  motor  lubricating  oils  are 
probably  small.  This  not  only  makes  it  less  important  that 
differences  in  the  quality  of  such  oils  be  known  than  would 
otherwise  be  the  case,  but  makes  the  determination  of  such 
differences  difficult  . Furthermore,  the  fact  (1)  that  the 
quality  of  an  oil  is  determined  by  many  factors,  some  of  which 
may  be  unknown,  or  at  least  are  not  commonly  specified;  (2) 
that  knowledge  of  the  relation  of  the  various  properties  to 
service  performance  is  incomplete;  and  (3)  that  the  relative 
importance  of  the  various  properties  depends  upon  the  service 
in  which  the  oil  is  to  be  used,  - all  make  it  evident  that 
motor  lubricating  oils,  as  compared  with  many  other  commodities, 
offer  peculiar  difficulties  in  any  attempt  to  rate  them  accord- 
ing to  quality. 

The  following  discussion  of  some  general  considerations 
applying  in  the  choice  of  a motor  lubricating  oil  may  be  of 
aid  in  obtaining  a satisfactory  oil  for  a given  service. 
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It  seems  rational  to  consider  the  choice  of  a motor  oil 
from  two  general  standpoints:  (1)  its  initial  suitability;  (2) 
its  stability,  or  conversely,  its  rate  of  deterioration,  in 
service . 

Viscosity  is  undoubtedly  the  most  important  property  in 
judging  the  initial  suitability  of  an  oil  for  a given  service, 
since  it  is  this  property  of  the  oil  that  prevents  abrasion  of 
the  "rubbing"  surfaces. 

In  motor  engine  operation,  due  to  variation  in  engine  tem- 
perature, and  to  the  decrease  in  the  viscosity  of  mineral  lub- 
ricating oils  with  increasing  temperature,  the  viscosity  of  the 
oil  varies  from  that  existing  under  starting  conditions  as  a 
maximum,  to  the  minimum,  that  occurs  when  the  engine  is  uo  to 
running  temperature.  The  viscosities  under  both  conditions  are 
of  importance.  The  former  determines  the  ease  with  which  the 
motor  may  be  started,  as  well  as  the  facility  with  which  the 
oil  distributes,  when  cold,  to  the  bearing  surfaces.  The  latter 
is  probably  of  primary  importance  in  choosing  an  oil,  both  be- 
cause it  determines  very  largely  the  power  loss,  and  because 
most  engine  failures  chargeable  to  the  oil  probably  occur  under 
running  conditions,  that  is  when  the  viscosity  of  the  oil  is  a 
minimum. 

The  performance  of  an  oil,  in  so  far  as  it  depends  on  vis- 
cosity, is  judged  by  the  viscosity  at  the  standard  temperature 
of  test  (usually  100°F  for  motor  oils)  . The  pour  point  in  ad- 
dition is  often  considered  to  give  an  indication  of  the  start- 
ing characteristics  of  an  oil,  but  it  should  be  said  that  the 
latter  property  is  not  in  general  a satisfactory  measure  of 
the  flow  characteristics  of  an  oil  under  all  conditions  at  low- 
temperatures  . 

In  considering  viscosity,  it  is  well  to  remember  that  it 
is  the  viscosity  at  the  operating  temperature  that  is  of  import- 
ance. Different  oils,  particularly  when  refined  from  differ- 
ent crudes,  may  have  identical  viscosities  at  one  temperature 
in  the  operating  range,  and  different  viscosities  at  another. 

For  this  reason  not  only  may  one  oil  be  preferable  to  another, 

but  also,  when  replacing  one  brand  of  oil  by  another,  it  may 

be  desirable  to  choose  a new  oil  of  different  viscosity  than 
the  old,  both  as  measured  at  the  standard  temperature  of  test, 

in  order  that  the  viscosities  of  both  oils  be  not  too  far  dif- 

ferent at  some  chosen  operating  temperature. 

In  general  a wide  range  of  viscosity  exists  between  in- 
cipient failure  of  the  lubricating  films  due  to  low  viscosity, 
and  incipient  failure  of  the  lubricating  system  (imperfect  dis- 
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tribution  of  the  oil  to  the  surfaces  to  be  lubricated)  due  to 
high  viscosity.  If  optimum  operating  conditions  could,  be  main- 
tained, a given  engine  probably  could  be  operated  successfully 
with  an  oil  of  as  low  viscosity  as  100  seconds  and  likewise 
with  one  as  high  as  1000  seconds,  (both  as  determined  at  100°F) , 
or  even  much  higher,  the  extreme  limits  never  having  been  de- 
termined. At  the  lower  extreme,  the  factor  of  safety  would  be 
too  small,  while  toward  the  upper,  the  power  loss  would  be  ex- 
cessive. The  proper  choice  lies  between  the  two  extremes,  and 
is  thus  a compromise  between  maximum  factor  of  safety  and  min- 
imum power  loss. 

The  selection  of  the  most  suitable  viscosity  for  a given 
service  is  often  difficult  for  a user  of  oils.  A certain 
amount  of  engineering  knowledge  or  advice  is  desirable.  It 
is  probably  wise  to  rely  on  the  advice  of  the  manufacturers 
of  the  equipment  to  be  lubricated,  or  on  the  recommendations 
of  reputable  oil  refiners. 

Unfortunately  there  is  at  present  no  generally  recognized 
method  of  branding  or  marking  oils  according  to  their  viscosities.. 
Hence,  one  refiner’s  oil  of  a given  grade,  for  example  medium, 
does  not  necessarily  have  the  same  viscosity  as  another  medium 
oil . 


In  concluding  the  discussion  of  viscosity  it  should  be 
emphasized  that  although  viscosity  is  probably  the  most  import- 
ant property  of  an  oil,  no  particular  kind  or  quality  of  oil 
has  a monopoly  of  any  particular  viscosity,  as  almost  any  vis- 
cosity can  be  and  is  produced  in  any  kind  or  quality  of  petrol- 
eum lubricating  oil. 

Due  to  their  inherent  instability  under  the  necessary 
conditions  of  service,  all  motor  oils  undergo  changes  during 
use.  The  changes  believed  to  occur  are  (1)  11  cracking11  , or 
decomposition  of  the  oil  into  lighter  compounds  and  a carbon- 
aceous residue,  and  (2)  oxidation,  or  combination  with  oxygen 
to  form  organic  acids  and  other  products  of  an  asohaltic 
nature,  which  are  called  asphaltenes. 

In  the  automobile  engine  cracking  takes  place  probably 
only  in  the  combustion  chamber,  the  carbonaceous  residue  go- 
ing to  make  up  the  so-called  carbon  found  there. 

The  carbon  residue  test  is  supposed  to  be  a measure  of  the 
’’carbon"  formed  on  cracking  an  oil. 

The  oxidation  of  an  oil  probably  takes  place  chiefly  in 
the  crankcase,  being  accelerated  if  the  oil  is  highly  heated. 
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The  asphaltenes  so  formed  cause  dark  red  discoloration  of  the 
oil  and  some  increase  in  its  viscosity.  Asphaltenes  in  solu- 
tion are  probably  not  harmful,  but,  if  formed  in  excess,  they 
may  be  precipitated  out,  and  in  such  case  appear  to  form  a 
binder  that  aggregates  the  dust,  metallic  particles  and  finely 
divided  carbon  which  works  down  from  the  combustion  chamber. 

Since  these  aggregates  tend  to  clog  small  lubricating  oil  pass- 
ages, they  may  cause  complete  failure  of  the  lubrication  to  one 
or  more  bearings. 

The  tendency  of  an  oil  to  form  asphaltenes  (oxidize)  may 
be  measured  by  some  form  of  oxidation  test.  While  a number  of 
such  tests  have  been  devised,  none  i s at  present  commonly  in- 
cluded in  oil  specifications. 

The  acidity,  emulsion  and  demulsibility  tests,  the  two 
latter  not  always  being  included  in  motor  oil  specifications, 
are  also  perhaps  related  to  the  stability  of  oils.  In  addition, 
acidity  may  be  a measure  of  the  tendency  of  an  oil  to  corrode, 
although  it  appears  that  the  acidity  of  well  refined  oils  is 
nearly  always,  if  not  invariably,  of  organic  origin,  and  hence 
is  so  weak  that  it  causes  no  appreciable  corrosion. 

The  color  of  an  oil  is  possibly  an  indication  of  the  for- 
eign matter  present,  and  hence  may  be  related  to  its  stability, 
as  impurities  are  known  to  accelerate  oxidation.  Oil  refiners 
lay  considerable  stress  on  color,  apparently  because  they  can 
tell  therefrom  to  what  refining  processes  the  oil  has  been  sub- 
jected . 

The  flash  and  fire  points  may  be  considered  rough  measures 
of  volatility,  and  hence  may  be  related  to  the  rate  of  oil  con- 
sumption, exclusive  of  oil  leaks  in  the  engine. 

Lubricating  oil  specifications,  giving  numerical  values 
of  the  commonly  specified  properties  for  oils  of  various  vis- 
cosities are  published  in  various  places.  Federal  Government 
Specifications  are  given  in  U . S.  Bureau  of  Mines  Technical 
Paper  No.  323A,  entitled  U.  S.  Government  Specifications  for 
Lubricants  and  Liquid  Fuels  and  Methods  for  Testing,  which  pub- 
lication is  obtainable  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C.,  at  the  price 
of  15  cents  (stamps  not  accepted).  At  the  end  of  this  letter 
there  are  given  U.  S.  Government  Specifications  for  motor  lub- 
ricants, as  laid  down  in  the  above  mentioned  publication. 

Ordinary  routine  tests  on  oils  are  made  at  this  Bureau  only 
at  the  request  and  for  the  information  of  agencies  of  the  Federal, 
State,  and  Municipal  Governments.  It  is  believed  that  such  tests 
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for  the  general  public  can  best  be  handled  by  the  commercial 
testing  laboratories  specializing  in  such  work.  A list  of  such 
laboratories  can  be  supplied  by  this  Bureau. 

In  current  automotive  equipment,  operating  on  present  day 
fuels,  the  lubricating-  oil  is  often  rendered  unfit  for  use  by 
what  may  be  called  external  contaminants,  long  before  it  would 
have  deteriorated  badly  due  to  its  own  inherent  instability. 
Obviously,  external  contamination  is  a matter  broadly  speaking 
of  operating  conditions,  and  hence  lubrication  failures  due  to 
such  causes  are  not  properly  chargeable  to  the  oil. 

It  is  common  knowledge  that  the  oil  in  the  crankcase  of  an 
automobile  loses  viscosity  in  service.  This  loss  in  viscosity 
is  due  to  dilution  of  the  oil  bv  the  less  volatile  constituents 
of  the  fuel.  Examination  of  used  oils  shows  that  under  ordin- 
ary conditions  of  summer  driving  dilutions  of  from  10  to  20$ 
are  common,  whereas  dilutions  from  20  to  50$  prevail  under 
winter  conditions. 

The  affect  of  dilution  on  the  viscosity  of  an  oil  is  ap- 
proximately as  given  in  the  following  table. 


Effect  of  Dilution  on  Viscosity 


Viscosities 

at  100°  F, 

Seconds 

, Savbolt 

Universal 

Vi scosimeter . 

CD 

si 

Oil 

300 

600 

1000 

4000 

10$ 

dilution 

168 

315 

500 

1450 

20$ 

tl 

115 

178 

250 

510 

30$ 

II 

71 

95 

125 

200 

40$ 

If 

44 

54 

63 

83 

50$ 

II 

— 

— 

32 

45 

As  a result  of  the  loss  in  viscosity,  the  most  essential 
characteristic  of  the  oil,  the  latter  works  past  the  piston 
more  readily,  causing  increased  oil  consumption,  excessive 
carbon  formation  and  fouling  of  spark  plugs.  As  the  diluted 
oil  will  not  maintain  a lubricating  film  under  as  high  bearing 
pressures  as  will  the  oil  of  higher  viscosity,  excessive  wear 
and  even  seizure  of  bearings  may  ensue. 

Fortunately  dilution  does  not  in  general  increase  indef- 
initely in  amount,  but  tends  rather  to  attain  an  equilibrium, 
which  is  reached  in  perhaps  100  or  200  miles  running  on  the 
average.  Hence  expedients  that  tend  to  keep  the  dilution  at  a 
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low  figure  are  particularly  important.  Some  of  these  are:  re- 
ducing the  warming  up  period,  for  example  by  the  use  of  a ra- 
diator shutter,  hood  cover,  etc.,  using  a water  thermostat  to 
maintain  fairly  high  jacket  water  temperature;  employing  lean 
mixtures,  and  avoiding  excessive  use  of  the  choke.  Without 
considering  just  what  viscosity  may  represent  the  permissible 
safe  minimum,  the  data  given  in  the  table  above  indicate  that 
in  view  of  probable  starting  difficulties  if  too  high  viscosity 
is  chosen,  it  is  hardly  feasible  to  take  care  of  high  dilutions 
by  the  use  of  extremely  viscous  oils. 

Another  harmful  external  contaminant  is  road  dust,  which 
may  be  highly  abrasive.  Possible?-  the  harmful  effects  of  dust 
are  greater  with  the  thin  (diluted)  oil,  since  the  film  thick- 
ness probably  is  smaller  in  such  cases.  Maintaining  a suitable 
viscosity  in  the  oil  will  probably  reduce  wear  on  the  bearing 
surfaces  to  some  extent. 

Still  a third  contaminant,  sometimes  troublesome , particu- 
larly in  cold  weather,  is  water,  which  is  formed  in  the  com- 
bustion of  gasoline  in  the  proportion  of  about  one  gallon  of 
water  for  each  gallon  of  gasoline  burned.  The  greater  part  of 
this  water  passes  out  with  the  exhaust  gases,  but  some  may  blow 
by  the  piston  into  the  crankcase.  In  cold  weather  this  may  be 
condensed  and  may  form  troublesome  emulsions  with  the  oil, 
which  have  the  appearance  and  consistency  of  heavy  greases. 

Water  also  may  cause  troublesome  corrosion,  or  may  collect  and 
freeze  in  such  parts  of  the  lubricating  system  as  to  cause  com- 
plete failure  of  lubrication. 

Periodic  draining,  and  if  possible  cleaning  (flushing)  of 
the  crankcase,  is  essential  in  order  to  remove  the  diluted  oil 
and  the  accumulation  of  dust.  Probably  the  frequently  recom- 
mended practice  of  cleaning  the  crankcase  every  500  miles  is, 
under  present  conditions  of  operation,  desirable,  if  not  essen- 
tial to  economical  upkeep. 

Another  common  inquiry  relates  to  the  differences  between 
lubricating  oils  refined  from  the  para.ffin  and  naphthene  base 
crude  s . 

At  the  present  time,  due  to  the  diminishing  supply  of 
paraffin  crude,  the  straight  paraffin  lubricants  constitute 
a.  rather  small  percentage  of  those  available  , the  great  major- 
ity now  on  the  market  being  refined  from  naphthene  or  from 
mixed  base  crudes,  or  blended  from  lubricating  stocks  from  dif- 
ferent crudes. 

While  the  laboratory  properties  of  a lubricating  oil  depend 
largely  on  the  refining  to  which  it  has  been  subjected,  when 
oils  of  the  same  viscosity  at  the  standard  temperature  of  test 
are  compared,  the  paraffin  and  naphthene  lubricants  are  found 
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to  differ  from  each  other  in  general  as  follows: 

The  change  of  viscosity  with  temperature  is  less  for  the 
paraffin  than  for  the  naphthene. 

The  specific  gravities  of  the  paraffin  oils  are  lower, 
that  is,  gravities  A.P.I.  are  higher. 

The  carbon  residue  value  is  higher  for  the  paraffin  oils. 

The  pour  point  is  higher  for  the  paraffin  oils. 

The  flash  and  fire  points  are  higher  for  the  paraffin  oils. 

Oils  refined  from  mixed  base  crudes,  and  those  blended 
from  stocks  from  different  crudes,  have  characteristics  inter- 
mediate between  the  paraffin  and  naphthene  lubricants. 

While  much  has  been  said  regarding  the  relative  merits  of 
lubricants  refined  from  the  two  types  of  crude,  and  there  are 
decided  and  honest  differences  of  opinion  among  both  producers 
and  users,  this  Bureau  as  yet  has  no  evidence  which  indicates 
the  marked  superiority  of  either  type  oil  for  use  in  the  lubri- 
cation of  automobile  engines  if  suitable  choice  of  viscosity  is 
made  in  each  case. 
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DC  Industrial  Research  Labs.,  18d5  3 St.,  3./.  7:-sh1n-t<r.  1 2 3 

Arthur  D. Little  It.,  Charles  River  Real,  Cambridge  1*2 
t jewr*  Industrial  Labs.,  96  Academy  3t.,  Remark  12  3 

5T  Soil  * Roberts,  50  7?st  3t.,  lew  York  12  3 

Electrical  Testing  Labs.,  80th  St.AEast  2nd  Ave. , XT  12  3 

lex  Yore  Testing  Labs.,  80  Thshlngton  3t.,  New  York  2 3 

Rlcfcet  ts  4 Co. , Inc.,  80  7a3hington  3t.,  2T.w  York  ? 

Stillwell  4 Cladding,  95  Front  3t.,  Sew  Yoric  1 3 

United  States  Tea  ting  Co. , Inc .,  316  Hudson  3t.,XT  ? 

PA  Oulic<- Henderson  Co.,  524  Fourth  Av*  .,  Pittsburgh  12  3 

Penn  American  Refining  Co.,  Oil  City  2 3 

Pittsburgh  Testing  Lab.,  616  Onint  jt.  , Pittsburgh  12  3 

RI  Saunders  4 Franklin,  184  Yhittier  AVe.,  Providence 
CAS  J.T. Donald  4 Co.,  Ltd.,  4 0 Belmont  3t.,  M-ntrcal 
ALA  Pittsburgh  Testing  Lab.,  Bir.min#iam 
OA  The  Dumas  Laboratory,  142^  Peachtree  it .,  Atlanta 
U la.  P.  Ktlson  Jr.t  904  Can.  - H. Orleans  2 3 

Herbert  1!.  3hilstone  Co.,  302  Camp  3t.,  Sew  0rl*3ans  12  3 

THIS  BarrowA^e  Laboratories,  Me  aphis  2 3 9 

ILL  Araour  Inst,  of  Technology,  Chicago  12  3 

Chicago  Paring  Labs.,  Inc.,  160  5.  Veils  3t.,  Chicago  2 3 

Commercial  Testing  4 2ng.Co.,1785  Old  Colony  Bldg.  " 1*2 

Dearborn  Chemical  Co.,  332  3-  Michitpn  Avc. , Chicago 
Deavitt  laboratories,  209  3.  La  Salle  St.,  Chicago  1 2 3 

Ihlter  H.  Flood  4 Co.,  742  39th3t.,  Chicago  2 3 

Robert  V.  Hunt  4 Co.,  2200  Insurance  Sxch.,  Chicago  1*2 
Mariner  4 Hoslcins,  111  7.  Monroe  3t.,  Chicago  12  3* 

University  of  Illinois,  107  Chemistry  91  lg.,  Urbar.a  1 2 
F.  £.  Martin  4 Co.,  Loire  31uff  ? 

1A  Iona  3tats  College,  Aroes  1*2*3“ 

Monroe  L.  Patsig,  206  - 11th  3t.,  Des  Moines  2 3 

13CH  Detroit  Testing  Lab.,  3726  Woodward  Ave.,  Detroit  12  3 

iHBJ  University  of  Minnesota,  Minneapolis  2 3 

Van  Cleve  Labs.,  Inc.,  32?  Fourth  3t  .,  3. , H nneapol  is 
MO  Kansas  City  *e3t  lag  Lab. . Inc. , 700  Baltimore-  aw.,  K.C.  12  3 

Siring  4 Williams  Labs.,  620  Joplin  St.,  Joplin 
OHIO  Crowell  4 Murray,  406  Perry-Payne  91dg.,  Cleveland  1*2 

James  H.  Herron  Co.,  Herron  91dg.,  Cleveland  123 

Charles  V.  Long,  141  Mast  Bread  3t.,  Columbus 
OKLA  Tulsa  L berutorit  s,  2 )9  Fisher  3ld;.,  Tulsa 
ARI2  Mohave  Assay  4 *r.;.Off ico,  P.O.Box  927.  Kingman  ? 

A.  L.  Pellegrin  4 Son,  100  3.  St  one  Ave.,  Tucsc.-. 

CAL  Atkin  4 ycRae,  11)8  3.  Hill  3t..  Los  Angeles 

3averstock  4 Payne,  223  1.  First  3t.,  Los  Arveles 
Industrial  Testing  Lab.,  Pico  4 L. A. Sts.,  " 123 

Salth-2cery  Co.,  245  3.  Los  Angeles  3t.,  " 12  3 

Smith- ifcery  Co.,  651  Howard  St.,  3ar.  Francisco  12  3 
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